The study examines factors associated with BMI among urban women responsible for food shopping and preparation in the Republic of Korea. The preliminary ANOVA analysis of the survey data collected from women residing in seven major urban centers is followed by the logistic estimation of the equation identifying individual characteristics and household features changing the probability of undesirable BMI. Low income, low education, location, preference for convenience, sweettasting foods, and home vegetable processing are linked to BMI ≥ 25. Respondents reporting weekly fruits and vegetable expenditure considered normal or above normal are less likely to be overweight. Profiles of urban women (in a country where more than 80 percent of people live in urban areas) vulnerable to becoming overweight or obese are developed and probabilities of changing the BMI based on respondent characteristics are calculated. There is a need for multipronged efforts including public and private sectors to address the increasing weight management problems among urban women to address differences in socioeconomic, location, health, and food choice factors predicting change in BMI.
Introduction
More than a billion adults are overweight and 300 million of them are clinically obese worldwide [1] . The weight management problem is particularly prevalent in many European, Australasian, and North American countries. In Asia, weight problems tend to be associated with certain groups within a society and are linked to income level [2] . In the Republic of Korea (ROK), there is a considerable increase in the number of people who P. M. Nambiar et al. 1497 cannot maintain a healthy body weight. An increasing number of Koreans are adopting a western lifestyle that is reflected in eating more fats, oils, and foods of animal origin than in the traditional Korean diet [3] , and in decreasing physical activity [4] . The 1998 National Health and Nutrition Survey [5] reported an increase in the share of both obese and overweight individuals. These obesity rates were 1.7% and 3.0% (BMI ≥ 30.0 Kg/m 2 ) and the overweight rates were 24.3% and 23.5% (BMI 25.0 -29.99 Kg/m 2 ) among adult men and women (between the ages of 15 years and 79 years), respectively. In 2005, the percentage of people with a BMI value of ≥ 25 increased to 31.7% [6] . Recently, the OECD [7] reported an average obesity rate of 3.5% in South Korea with 3.3% and 3.7% among adult men and women, respectively. The rates of overweight men and women are reported by OECD [7] as 23.7% and 30.3%, respectively.
Though the obesity rates in the ROK are low among the OECD member countries, the overweight rates are increasing at an alarming rate and pose a potential threat to the wellbeing of the population. In the ROK, various forms of cancer and cardiovascular diseases are already among the major fatal causes of death and many such diseases have been linked to the inability to maintain a healthy weight [8] . Apart from the health consequences, there may be serious social consequences as well as economic costs. A retrospective cohort study [9] concludes that expected health costs are higher for persons who are overweight.
This study examines the influence of socioeconomic, demographic, and attitudinal factors on the likelihood of being an overweight urban Korean woman as measured by BMI. The results identify factors that predispose urban females to overweight or obesity problems. Further, the ROK is highly urbanized with about 80% of the population residing in cities and a focus on the urban population is highly relevant. The current analysis illustrates the applicability of results by quantifying the contribution of specific characteristics to the risk of overweight among Korean urban females. The higher share of obesity or overweight among women than men in the [7] and the main role of women in food shopping and preparation in Korean households establish a persuasive argument to develop profiles of women who are prone to be overweight or obese.
Methods
Several factors define the socioeconomic status (SES) of an individual [10] [11] . Major components of the SES are income, education, and occupation, and these components are included within the framework of a social level of analysis. These factors may contribute to overweight and obesity by influencing or enabling certain behaviors that regulate energy intake, energy expenditure, and metabolism [10] . Other factors, such as age, can also mediate the relationship between SES factors and weight. Also, general attitudes toward health play a role in relationship [12] and are important in weight management.
Data, Variable Selection, and Empirical Specification
The study involves a survey of women residing in seven major cities in the ROK: Seoul, Busan, Daegu, Incheon, Kwangju, Daejeon, and Ulsan. Among these cities, Seoul, the capital, has approximately 50% of the total urban population. A total of 1100 households were subject to the survey distributed across the seven cities based on the population strength in each of these cities. The responsibility of data collection was entrusted to a commercial market research company that ensured proper recruitment randomness and representativeness in the selection of households. The survey focused on food consumption, shopping and food preferences. The participants were selected in proportion to the number of residents in each city and from households reflecting the income distribution.
Information on household income, age, education and occupation of the respondent, presence of children, whether the respondent smokes or not, whether the household pickles cabbage (for the traditional condiment kimchi), and the level of expenditures on fresh fruits and vegetables were collected during the interview.
Questions also probed attitudes toward food of Korean origin, ease in cooking, and willingness to pay more for sweeter foods. Respondents self-reported height and weight during the interviews. The BMI was calculated by dividing the weight in kilograms by squared height in meters. The current study considers normal weight as BMI value between 18 and 24.99; it is ≥0, if the weight is less than this ideal weight.
Attitudes toward health are captured through the use of variables constructed based on smoking behavior, expenditures on fresh fruits and vegetables, willingness to pay more for sweeter foods, preference for convenience foods, home food processing, and preference for foods of Korean origin.
The empirical equation takes the general form:
Overweight smoke
1, , 4; 1, , 6; 1, , 5, i j k = = =    where S i refers to the group of socioeconomic and demographic variables, R j indicates the location variables, and A k stands for the group of variables constructed based on attitudes.
The logistic regression is employed for the estimation of this model, since the response variable is binary and in the current study equals one if the respondent's BMI ≥ 25 and is 0 otherwise. The parameter estimates are interpreted in terms of the odds ratios calculated using the estimated coefficients [13] . Earlier studies justify the final selection of variables including the SES of individuals. Education, income, and occupation are the important socio-economic factors that have been included in similar studies. BMI was included in a study [14] that tracked a sample of people over a 20-year period and it was found negatively associated with both education and income levels. Getting information about income from surveys is difficult, especially from self-employed people [15] . Providing categories for responses related to income questions obtains a more accurate picture. Therefore household income was recorded in seven categories (Income). The first category included those households with less than $1700, the last category with more than $5499, and the remaining five categories with income distributed in between these figures ( Table 1) . Female labor participation was found to have a positive association with obesity rate [16] . The demographic variables included in earlier studies are the age of a respondent and the presence of children in the household. Age is found to have a positive influence on the prevalence of obesity in the ROK [4] . Presence of children also has a positive influence on obesity as revealed in a study conducted in the U.S. [16] . According to another study [17] , the probability of being an overweight or obese person is inversely related to the population density in a metropolitan area. The current study distinguishes among the seven urban centers, treating Seoul as the reference location. Seoul has a population density of 16,189 people per km 2 and is the largest among all cities with Busan in second place with a population density of only 4447 people per km 2 [18]. Attitudes appear important in maintaining body weight. The aspects considered in the current study include five binary variables: health-oriented behavior, attachment to tradition and thrift, likeness towards fresh produce and preference for convenience and sweeter foods. "Smoke" represents a health behavior variable ( Table 1) and was included in some of the previous studies including one conducted in the ROK [4] [19] . Negative correlation between smoking and BMI is reported in some studies [20] [21] . However, another study [22] concludes that this negative relationship may have resulted from endogeneity between smoking and body weight. Therefore, we are empirically testing this relationship in this study.
In Korean society, foods are not only perceived as providing nourishment, but also as possessing non-tangible attributes benefiting a consumer [23] . Therefore, the variable Koreanfood was included together with another variable, Cab, accounting for a very specific traditional food that captures the effect of home pickling of cabbage. Cabbage is the main ingredient in kimchi, a Korean condiment, which is a major source of fiber and is consumed daily in significant volumes. The dietary fiber intake is helpful in weight management [24] .
Vegetables have been a mainstay of the traditional diet and fruit consumption has dramatically increased in the ROK [5] . There is also epidemiological evidence that a high level of fresh produce consumption is associated with proper body weight. Therefore, the effect of the level of the weekly expenditure on fresh vegetables is captured through the inclusion of the variable Expv.
The variables Easecook and Willsweet refer to preferences ( Table 1) . Urban lifestyles and the increasing participation of women in the labor force stimulate the demand for convenience. Food distributors and food services respond by providing partially or fully cooked meals and individual dishes, but such dishes may contain ingredients that are high in calories. Consequently, frequent consumption of prepared dishes may supply more energy than a person needs in an urban setting (in contrast to a rural environment) and contribute to weight gain. The binary variable Willsweet assumes the value of 1 when a respondent expressed preference for sweet tasting foods. As a result of income growth, Korean consumers may choose to indulge this preference.
Three variables have three responses each. The variable Expv has a response of 1 if the expenditures of fresh fruits and vegetables were less than normal, response of 2 if the expenditures were normal, and response of 3 if expenditures were above normal. Another variable, Koreanfood, is a construct based on the responses to the question, "How important is it to you to have food of Korean origin?" Response 1 means it was important, 2 means neutral, and 3 means not important. Finally the variable Easecook is based on the question, "Do you agree with the statement that new agricultural and food technologies should aim at easing cooking?" Response 1 indicatesrespondent agreed with the statement, 2 is a neutral response, and 3 indicates disagreement with the statement. The binary response variable Bmi 25 takes a value of 1 if the BMI equals or is more than 25 and takes a value of 0 if the BMI is less than 25. A BMI of 25 or above indicates overweight or obesity. Table 1 The above relationship, estimated using the logit technique, becomes a linear relationship between the log of odds and the explanatory variables. The log of odds is ln ( π 1 π − ), where π is the probability of Y = 1 (being overweight or obese) and 1-π is the probability of Y = 0, respectively [13] . The antilog of an estimate (е i b ) is the odds ratio and its value greater than 1 implies that the event (the likelihood of being overweight) is more likely to happen in response to an increase in the explanatory variable; the odds ratio of less than 1 implies that the event is less likely to occur. Marginal effect of a continuous independent variable is the change in the probability of the occurrence of the event when that variable increases by one unit and that of a binary variable is the change in the probability when that variable changes its value from 0 to 1.
Results
Descriptive statistics of the sample are shown in Table 1 . More than eight percent of the respondents have BMI greater than 25. An average respondent is 42 years old and 13 years of education. About 42% of the respondents are homemakers. Average monthly household is between the fourth category, $2900 -$3499, and fifth category, $3500 -$4499. Almost 50% of respondents are from households located in the capital city, Seoul. The average weekly expenditures on fruits and vegetables are about normal.
A preliminary analysis of data using one way ANOVA ( Table 2 ) identifies differences in means of characteristics of women between two subgroups. A total number of 821 women provided information to calculate their BMI and the subgroup with BMI ≤ 25 has 753 observations; the second subgroup with BMI > 25 has 68 observations. The results show that the significantly different means / proportions (at 5% significance level) between these two subgroups involve the following variables: household income, education and age, presence of children, location Kwangju, home preparation of pickle cabbage, attitude toward ease of cooking and willingness to pay more for sweeter foods.
Logistic Regression Results
The logistic regression employs the maximum likelihood method to estimate the equation. The likelihood ratio test for the global null hypothesis is significant at <0.0001 probability level indicating the overall explanatory power of the empirical model ( Table 3 ). The goodness-of-fit of the model is examined by the Hosmer and Lemeshow Test (Table A1 ). The null hypothesis that the model fits the data is not rejected at 5% significance level. Table 3 shows the estimates, chi-square value, marginal effects, and odd ratios for the explanatory variables. Household income, education of the respondent, and the level of expenditures on fresh fruits and vegetables have a decreasing effect on the probability of being an overweight or obese woman, while residence in Kwangju, pickling cabbage at home and preference for convenience and sweet-tasting foods have the opposite effect.
Results show that an increase in the household income decreases the likelihood of having a higher BMI (by 1% with a shift from lower to higher income category) suggesting that weight management is less of a problem if a respondent is from a high-income household. Additionally, one year of formal education above the average of 13 years lowers the probability of being in the overweight category by 1%. Respondents who reported that the expenditure on fresh vegetables during the week preceding the survey was about normal or more than normal are less likely to be overweight (by 2%) than those who believe that the expenditure was less than normal. Women Table 2 . ANOVA results for statistically significant differences in means of variables from groups with two BMI levels. Pseudo R 2 = 0.196. Asterisks indicate levels of statistical significance: *, ** and *** denote significance at 10%, 5%, and 1% levels, respectively; # dy/dx is for discrete change of binary variable from 0 to 1. The Likelihood Ratio Chi-square is 91.8219 with a p-value < 0.0001. that favored traditional Korean foods are 1.3% to have lower probability of being overweight.
Women from households located in Kwangju are more likely (by 14%) to become overweight than respondents residing in Seoul. The effect of residing in Kwangju on the probability of facing a weight management problem is substantial and offsets the effects of lowering the probability of being overweight associated with education or income. Females from households reporting processing cabbage are more likely (by 3.3%) to fall in the category of having weight management problems than respondents who do not pickle cabbage at home. Women who agreed with the statement that new technologies should contribute to the ease of cooking are more likely (by 1.8%) to have a higher BMI (≥25) than those who disagree or who have no opinion about that statement. Women willing to pay more for foods that taste sweeter are also more likely to have a BMI exceeding 25 (by 3.1%) than those who are not willing to pay a premium for such foods.
Discussion
Overall, results show that urban Korean women at risk of having weight management problems share characteristics of similar groups from other countries on different continents with a similar level of economic development. Also, factors that reduce the risk of being overweight or obese are alike. The similar profile of women at risk of having a high BMI suggests that despite different cultures, traditions, and history of economic development, the factors contributing to weight gain are the same and affect kindred population groups.
The key factors associated with unhealthy weight gain are household income level and education of an individual. The income effect is consistent with the results reported in previous studies [14] [25] [26] . Low-income households, given their small budgets, may have to contend with foods that contain relatively less expensive, but energy-dense ingredients. Refined grains, added sugars and added fats are among the lowest-cost sources of dietary energy [27] . Foods rich in such ingredients have become a part of the "westernized" diet in the ROK, and their consumption may lead to unhealthy body weight gain. The evidence from the current study that links a normal BMI to a high educational attainment supports earlier findings [16] [28] that less educated individuals have a higher probability of becoming overweight than more educated individuals.
An important outcome of this study is the negative relationship between the BMI and fresh fruit and vegetable expenditures. Several dietetic studies reported that a high consumption of fresh vegetables results in improved body weight management [29] [30] . The current study suggests that if a respondent perceives that their spending on fresh vegetables is above normal, then the probability of that person being in the overweight category decreases by 2.1% compared to the person who perceives that their expenditure was normal.
The results also indicate that the location of a household matters. The results obtained for Kwangju coincide with a study [31] which links low density and poor connectivity in street networks with a decrease in calorie expenditure leading to the increased incidences of overweight and obesity. The effect of residing in Kwangju on the probability of facing a weight management problem is substantial and suggests a need for location-specific efforts in preventing and lowering the incidence of unhealthy body weight. Table 4 shows five hypothetical profiles of women across the seven cities, with different probabilities for becoming overweight. For example, according to the created profile the probability for working women who reside in Kwangju to be overweight is 0.1588 if they have an education of 13 years, whereas it increases to 0.2943 if there is only 10 years of education. Income and education tend to be inversely related, complicating a strategy aimed at inhibiting weight gain measured by the BMI. Public education programs are recommended, but unlikely to evenly influence behavior of low income, low education urban women.
The identification of a specific location facilitates efforts of informing and educating the population about weight management and the benefits of maintaining a healthy body weight. For example, the English government was trying to improve the infrastructure of some cities to increase physical activity like walking and cycling [32] . An agency in charge of public education may concentrate its efforts in a specific region, but it is warranted to further investigate regional differences in inclination to gain extra weight. Although a single area may experience a more severe weight problem, other regions are not likely to be immune and will also require a sustained preventive effort regarding weight management.
An indirect way to prevent urban Korean women from gaining weight may require the cooperation of public and private sectors. The promotion of eating fresh fruit and vegetables seems to have a strong positive effect on maintaining the proper weight. The Korean farm sector could participate in joint efforts with other private and public sector players in preventing obesity from becoming a chronic health problem.
The urban consumer demand for convenience has been confirmed in the current study. The ease of cooking is a proxy for the preference for convenience foods and a high consumption of convenience foods could contribute to unwanted body weight gain [33] [34] . The specific solutions must account for location and culture, because the exact meaning of convenience may vary. For example, the perception of what constitutes a reasonable amount of time to prepare and serve a meal may differ from city to city, but it influences food choices. Given the character of a Korean main meal, which often includes numerous side dishes and condiments, shaping expectations of convenience using knowledge of local dietary patterns and traditions will help to accomplish the goal of preventing excess weight gain. The preference for sweet-tasting foods is natural. If the importance of preference for sweetness as a contributor to weight gain is to be reduced, product formulations controlled by food manufacturers may require changes. The changes could increase production costs and negatively influence revenues requiring consideration of possible regulations.
The formulated profiles of overweight women emphasize parental responsibility. Children with at least one obese parent are more likely to become obese than those children without obese parents [35] . Therefore, targeting households with children at the pre-school and elementary school level can be an effective strategy for preventing the incidence of overweight and obesity. Prevention of overweight and obesity problems is considered more cost effective than treatment of these problems [36] .
The BMI is only one measure of a person's well-being. It is of broad interest because body weight is linked to the amount and type of consumed food. The association between unhealthy weight and disease incidence has been established and one way of preventing weight gain is to change food choices and quantity of consumed food. A change in food choices implies a shift in demand away from specific foods and food in general. A decrease in food demand negatively influences food sector revenues and leads to a conflict between that sector and efforts aiming at preventing consumers from gaining weight. However, to prevent obesity in the ROK from reaching the level witnessed in many post-industrial economies the efforts must be multipronged, coordinated, and sustained. For example, one study [37] found that the protein-rich oriental diet brings about body weight loss in a community-based weight control program.
Conclusions
Results of this study, in general, agree with those from earlier reports conducted in other countries. Therefore, it is worthwhile to consider sustained, coordinated; international efforts in combating the overweight and obesity problem. Agricultural subsidies, price policies, regulatory actions, and public health education implemented in a coordinated fashion may be necessary to achieve these goals. Although several initiatives have been undertaken in that area through the coordination of the International Obesity Task Force and WHO, the international coordination across scientific disciplines or sectors of the economy is very limited. An accelerated effort in preventing and reducing the excess weight problem seems necessary because overweight and obesity have become chronic public health issues threatening the welfare of global society.
There are some potential limitations in this study. The data included only female respondents and a generalization of results to the whole population requires careful consideration. Another issue is that BMI was calculated based on the self-reported height and weight, and the actual BMI may differ. According to a study [38] conducted among school students in the ROK, the self-reported height was higher and weight was lower than the actual values. Another study [39] concluded that, on average, older people over-reported their heights and older women under-reported their weights.
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